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© Process of preparing catalyst supporting highly dispersed metal particles. 

© Disclosed herein is a process of preparing a catalyst having narrow particle size distribution and supported 
with monodispersed metal particles of which a particle size is about less than 20 A. 

In the present invention, propargyl alcohol is employed in place of a sulfur-containing agent for supporting 
the metal particles on a support thereby avoiding the contamination of the sulfur component and the high 
temperature treatment for decomposing the sulfur-containing agent. Accordingly, the resulting catalyst contains 
no sulfur contaminant and substantially no agglomerated metal particles. 



CO 

in 



CO 

m 



HI 




0 2 



7 



FIG. 1 



EP 0 580 560 A1 



Background of the Invention 

The present invention relates to a process of preparing a catalyst which supports highly dispersed 
meta! particles utilized in the field of catalysts. 

5 Catalysts which support metals are widely utilized in various chemical reactions. Especially in the case 

of utilizing such an expensive catalyst as a precious metal, in order to effectively utilize the catalytically 
active metal, the particle diameter of the metal particles are required to be reduced as much as possible 
and to be uniformly supported on a support. Many attempts have been made especially for supporting 
metal particles having the minimum diameters on a support. 

70 As disclosed in United States Patents No. 3,992,512 and No. 4,136,059, as a method of supporting 
metal particles having a diameter of below 20 A on a support, a method has been proposed which 
comprises reacting such a sulfur-containing compound as sodium sulfite and sodium dithionate and 
chloroplatinic acid, supporting resulting colloid-like platinic acid complex compound containing the sulfur, 
and oxidatively treating it with such an oxidant as hydrogen peroxide to obtain the support supported with 

rs fine platinum particles. The method is effective as far as the supporting of the platinum particles is 
concerned. 

In the platinum-supported catalyst obtained through the conventional process, liberated colloid-like 
sulfur and a sulfate formed by the reaction of the above compound are contained. The liberated sulfur 
which is a well-known catalytic poison against platinum strongly bonds the platinum to lower the catalytic 

20 performance. The sulfate is non-volatile so that its removal should be conducted by water-washing. The 
sulfate remained produces several inconveniences on the employment of the catalyst such as the existence 
as impurities and an undesired reaction with the support. Although the liberated sulfur remained can be 
removed by thermal treatment in a hydrogen flow or in an oxidative flow, the heating may create the 
increase of the particle diameter through the agglomeration of the metal particles so that the desired 

25 particles cannot be obtained. 

Summary of the Invention 

An object of the present invention is to provide a process of preparing a catalyst which supports 
30 monodispersed metal particles. 

Another object of the invention is to provide a process of preparing a catalyst having narrow particle 
size distribution and a particle diameter of about less than 20 A. 

A further object of the invention is to provide a process of preparing a catalyst having highly dispersed 
metal particles without employing a sulfur-containing agent. 
35 The present invention has been made to overcome the above problems. The catalyst supporting 
monodispersed metal particles which has the narrow particle size distribution and of which a particle 
diameter is less than about 20 A can be obtained by adding propargyl alcohol to a solution containing a 
metal-containing ion and a support to which metal particles formed by the reduction of the metal-containing 
ion are supported, supporting the reaction product between the metal-containing ion and the propargyl 
40 alcohol on the support and thermally treating the support in a reduction gas containing a hydrogen gas to 
reduce the reaction product between the metal-containing ion and the propargyl alcohol on the support. 

In the present invention, propargyl alcohol is employed in place of a sulfur-containing agent for 
supporting the metal particles on a support thereby avoiding the contamination of the sulfur component and 
the high temperature treatment for decomposing the sulfur-containing agent. Accordingly, the resulting 
45 catalyst contains no sulfur contaminant and substantially no agglomerated metal particles. 

Therefore, in accordance with the present invention, a highly dispersed metal-supported catalyst having 
a clean and active metal surface and the metal particles of which a particle size is about less than 20 A can 
be obtained. Further, the metal containing rate of the resulting catalyst may reach to 10 % in weight which 
is a target value of the metal supported catalyst. 

50 

Brief Description of the Drawings 

Fig.1 is a microphotograph of 1,000,000 magnifications of the supported carbon black catalyst obtained 
in Example 1 observed with a transmission electronic microscope. 
55 Fig.2 is a microphotograph of 1,000,000 magnifications of the catalyst in Comparative Example 2 which 

was obtained by treating the platinum-supported carbon black catalyst obtained in Comparative Example 1 
in the hydrogen mixed flow at at 250 *C for one hour + at 350 °C for two hours observed with a 
transmission electronic microscope. 
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Detailed Description of the Invention 

The reason why the propargyl alcohol is added to the solution containing the metal-containing ion in the 
present invention is to support the metal ion on the support after the metal ion is converted into colloid-like 

s particles. If the propargyl alcohol is added to such a platinum-containing solution as a chloroplatinic acid 
solution containing no catalyst support under stirring, brown colloid-like particles are formed. The platinum 
containing rate of the particles in this case is about 65 % in weight upon analysis. These particles are not 
metal colloid of the platinum and are considered to be a platinum compound and the propargyl alcohol 
though its structure is unknown. For this reason, the initial addition of the propargyl alcohol to a metal- 

10 containing solution containing the support material enables to finely support the above compound on the 
support, and by thermally treating it in a hydron-containing flow, a catalyst which supports highly 
monodispersed metal particles of which a particle diameter is less than about 20 A can be obtained. 

Although, as a metal-containing ion of the present invention, any ion containing an ordinary metal 
utilized as a catalyst metal such as rhodium and ruthenium can be employed, an ion or ions containing 

75 palladium and/or platinum of which catalytic activities are high may be preferably employed. By employing 
a mixed solution of a platinum ion and a palladium ion, a catalyst supporting a platinum-palladium eutectoid 
mixture can be obtained. 

As a support of the present invention, any material which is stable in a reduction atmosphere and in a 
reaction condition in which the resulting catalyst is employed can be utilized. The most desirable support 
20 material is carbon black. 

Most parts of the propargyl alcohol employed in the present invention may be removed by evaporation 
in the thermal treatment in the hydrogen-containing flow. Even if a small amount of the propargyl alcohol 
remains, the alcohol does not contain any substance which acts as a catalytic poison so that the lowering of 
the catalytic performance is never expected. 

25 

Examples 

Although Examples of the invention will be described, these Examples are not construed to restrict the 
scope of the invention. 

30 

Example 1 

After 3.326 g of a chloroplatinic acid solution (platinum content: 15.031 % in weight) was diluted with 
300 ml of water, 4.5 g of acetylene carbon black was added thereto and sufficiently dispersed with an 

35 ultrasonic homogenizer. After 31 ml of a propargyl alcohol aqueous solution which had been prepared by 
ten times dilution with water was added to the above suspension and stirred for two hours, the suspension 
was filtered and washed with 0.5 liter of pure water to obtain platinum compound supported carbon black 
after the drying at 60 *C for six hours. The platinum compound supporting carbon black thus obtained was 
thermally treated in a hydrogen-nitrogen mixed flow containing 10 % of hydrogen at 250 °C for 30 minutes 

40 to obtain platinum supported carbon black. 

The measurement of the platinum containing rate, the measurement of a specific surface area of the 
platinum and the observation of the state of the platinum particle dispersion by means of a transmission 
electronic microscope were conducted. As a result, the platinum containing rate was 9.8 % in weight which 
was near to the target value. The specific surface area of the platinum was 169 m 2 /g which corresponds to 

45 a platinum particle having a diameter of 16.6 A when converted into a spherical particle. A microphotograph 
taken with a transmission electronic microscope of 1,000,000 magnifications is shown in Fig.1 which 
clarifies that the platinum particles of 10 to 20 A are supported on the carbon black support under the 
monodispersed state. 

so Example 2 

After 3.334 g of a chloropalladiumic acid solution (palladium content: 14.998 % in weight) was diluted 
with 300 ml of water, 4.5 g of acetylene black was added thereto and sufficiently dispersed with an 
ultrasonic homogenizer. In accordance with the procedures of Example 1, a propargyl alcohol aqueous 
55 solution was added thereto and palladium supported carbon black was obtained through similar procedures. 

The measurement of the palladium containing rate, the measurement of a specific surface area of the 
palladium by means of carbon monoxide adsorption and the observation of the state of the palladium 
particle dispersion by means of a transmission electronic microscope were conducted. As a result, the 
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palladium containing rate was 9.9 % in weight which was quite near to the target value. The specific surface 
area of the palladium was 169 m 2 /g which corresponds to a palladium particle having a diameter of 15.6 A 
when converted into a spherical particle. In accordance with the observation with a transmission electronic 
microscope of 1,000,000 magnifications, the palladium particles of 10 to 20 A were supported on the 
5 support in the state of monodispersion. 

Comparative Example 1 

After 3.326 g of a chloroplatinic acid solution (platinum content: 15.031 % in weight) was diluted with 
10 300 ml of water and was heated to 60 'C, 6 ml of aqueous hydrogen peroxide of 28 % in weight was 
added thereto. After 34 ml of sodium dithionate of 60 g/liter was gradually added to the above solution for 
15 minutes, a suspended solution which had been prepared by suspending 4.5 g of acetylene carbon black 
in 300 ml of water was added to and mixed with the above platinum-containing solution. After one hour 
stirring, the suspended solution was filtered. After the remaining solid was washed with 0.5 liter of pure 
75 water, it was dried for 6 hours at 70 • C to obtain a platinum-supported carbon black catalyst. 

The measurement of the platinum containing rate, the measurement of a specific surface area of the 
platinum and the observation of the state of the platinum particle dispersion by means of a transmission 
electronic microscope were conducted. As a result, the platinum containing rate was 9.6 % in weight. The 
specific surface area of the platinum was 16 m 2 /g which corresponds to a platinum particle having a 
20 diameter of 175 A when converted into a spherical particle. In accordance with the observation with a 
transmission electronic microscope of 1,000,000 magnifications, the particles of 10 to 20 A were observed 
to be uniformly supported on the carbon black support, which was different from the result of the platinum 
surface area measured in accordance with the carbon monoxide adsorption. 

25 Comparative Example 2 

Removal of the sulfur component in the platinum-supported carbon black catalyst obtained in Compara- 
tive Example 1 was attempted by means of thermal treatment 

At first, the sulfur containing rate was measured by means of fluorescence X-rays. After this catalyst 
30 was treated in a hydrogen-nitrogen mixed flow of which hydrogen concentration was 50 % for one hour at 
250 *C, the sulfur analysis, the measurement of a specific surface area of the platinum in accordance with 
the carbon monoxide adsorption and the observation with a transmission electronic microscope were 
conducted. 

Then, the catalyst after the above treatment with the hydrogen at 250 *C for one hour was further 
35 treated in a hydrogen-nitrogen mixed flow of which hydrogen concentration was 50 % for two hours at 350 
•C, and the sulfur analysis, the measurement of a specific surface area of the platinum in accordance with 
the carbon monoxide adsorption and the observation with a transmission electronic microscope were 
conducted for the second time. The results are shown in below Table. 

An enlarged surface of the thus obtained catalyst is shown in Fig.2 which is a microphotograph of 
40 1 ,000,000 magnifications of the catalyst after the two thermal treatments. 

Table 1 



H 2 -N 2 Mixed Flow 
Treatment 


Sulfur Containing 
Rate (% in weight) 


Pt Specific Surface Area 

by CO Adsorption 
(Converted Particle Size) 


Particle Diameter Observed 
with Transmission 
Electronic Microscope 


No Treatment 


3.6 


16 m 2 /g (175 A) 


10 to 20 A 


250 *C, 1 hr 


1.4 


34 m 2 /g (82 A) 


20 to 25 A 


250 *C, 1hr+ 350 • C, 2hr 


0.8 


63 m 2 /g (45 A) 


25 to 35 A O 



O Remarks: Four or five Pt particles having a particle diameter of 25 to 35 A were agglomerated 



and were not monodispersed (Fig.2). 

55 

As apparent from Table 1, the sulfur component still remained even after the treatment in the hydrogen 
mixed flow at 250 *C for one hour + at 350 *C for two hours. Due to the contamination of the platinum 
surface with the sulfur, the platinum specific surface areas measured by means of the carbon monoxide 
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adsorption are not in agreement with the particle sizos obtained through the observation with the 
transmission electronic microscope. This means the occurrence of the catalytic poisoning which lowered the 
catalytic activities. 

When such an operation of removing the sulfur component to a certain degree was conducted, the 
increase of the platinum particle size and the association of the particles were observed so that a 
monodispersed platinum particle-supported catalyst having a clean and active surface and the platinum 
particles of which a particle size was about less than 20 A could not be obtained. 

Claims 

1. A process of preparing a catalyst which supports highly dispersed metal particles which comprises 
adding propargyl alcohol to a solution containing a metal-containing ion and a support to which metal 
particles formed by the reduction of the metal-containing ion are supported, supporting the reaction 
product between the metal-containing ion and the propargyl alcohol on the support and thermally 
treating the support in a hydrogen-containing reduction gas to reduce the reaction product between the 
metal-containing ion and the propargyl alcohol on the support. 

2. The process as claimed in Claim 1, wherein the metal of the metal-containing ion is at least one of 
platinum and palladium. 




FIG. 2 
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